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@) A method and plant for dealing with mercury-containing waste. 

(57) A method for dealing with mercury-contain- 
ing waste including button-type batteries, whe- 
rein the waste is heated in a furnace while being 
agitated and in the presence of elementary 
selenium vapour in an amount sufficient to form 
mercury-selenide from essentially all the mer- 
cury contained by the waste. The waste is 
heated to a temperature at which mercury and 
selenium will be present in a gaseous state and 
at which solid mercury-selenide will not form, 
and a partial pressure of oxygen is maintained 
at a sufficiently low level to avoid oxidation of 
the selenium. The thus treated mercury-freed 
waste is extracted from the resultant process 
gas and from any other solid material that may 
be present and is either dumped or worked-up 
metallurgically. After the waste has been extrac- 
ted from the process gas, the process gas is 
cooled to extract therefrom solid, stable mer- 
cury-selenide dust suitable for dumping, where- 
after the gas is passed through a filter with the 
intention of extracting any gaseous mercury 
that may remain in the gas, whereafter the thus 
cleansed gas is released to atmosphere. The 
invention also relates to plant for dealing with 
mercury-containing waste. 
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The present invention relates to a method and to 
plant for dealing with mercury-containing waste, such 
as so-called button-type batteries in particular, 
wherein the waste is heated in the presence of sele- 
nium. 

The use of mercury-containing button batteries 
has increased progressively over recent decennia 
and such batteries are now used in progressively 
more applications, for instance in clocks, photograph- 
ic apparatus, mini-calculators and hearing aids. 

The mercury content of this type of battery varies 
from some tenths of a percent up to about 35%. The 
remainder of the battery is comprised mostly of iron, 
zinc, nickel and chromium. About 10 tonnes of such 
batteries are sold annually in Sweden. A rough esti- 
mate with regard to Europe as a whole is about 500 
tonnes. 

It is estimated that about 85% of these button 
batteries are collected as scrap in Sweden. These 
batteries are taken, together with other small batter- 
ies, to a central plant where they are stored for de- 
struction or final dumping. Since there is still no at- 
tractive alternative to destruction, large quantities of 
these batteries remain in store. Dumping of batteries 
that have not been destroyed is an expensive process 
and is, of course, encumbered with rigorous safety re- 
quirements. Thus, there is a considerable need for a 
destruction method which is suitable for application 
with such mercury-containing waste, particularly 
when incitement must be found to increase the extent 
to which such batteries are collected, so as to prevent 
these batteries accompanying typical domestic 
waste and being dumped on waste tips around the 
country. Batteries that have not been collected as a 
matter of routine represent a time-fused environmen- 
tal bomb. In ten or a hundred years from the time of 
being dumped, mercury is liable to leak from such 
batteries in an uncontrolled fashion. This latent threat 
is even more frightening when viewed on a worldwide 
basis, where the routine collection of mercury-con- 
taining batteries is far less organized than in Sweden. 

A method of the kind defined in the introduction 
has been proposed in International Patent Application 
WO92/10240. According to this method, waste in the 
form of fluorescent tubes and like tubes, and also 
button-type batteries, are melted down to form a 
glass melt in a closed reactor, with the intention that 
resultant HgSe will bind chemically to the glass. The 
glass is then moulded into briquettes which can be 
dumped in dumps intended therefor. Thus, when 
practicing this known method, the waste is destroyed 
and mercury binds to the waste residue, hopefully in 
a stable form. The residue is still classed as environ- 
mentally hazardous waste and must therefore be 
dumped as such. 

EP-A-01 17865 proposes a method and an ar- 
rangement for heating waste in the form of button-ty- 
pe batteries in a rotary furnace, wherein an oxidizing 



gas is delivered to the furnace for combusting burn- 
able material in the waste and for transporting mer- 
cury released in the combustion process from the fur- 
nace. The process gas is then purified in a separate 

5 gas wash. This waste residue must also be consid- 
ered as environmentally hazardous waste, since 
there is a danger of mercury remaining in the residue 
as a result of oxidation or as a result of recondensing 
in the waste residue. This danger is also found in the 

w earlier method in which selenium is supplied to the 
system, since the method is carried out in a closed re- 
actor with no agitation or gas transportation. 

There is a need, however, for a method which will 
enable mercury-containing waste to be dealt with in 

15 a manner which will prevent unintentional contamin- 
ation of the waste residue with mercury to the great- 
est possible extent, and to enable a mercury-free re- 
sidue to be formed which can be worked-up with re- 
spect to any metal values that may be present or can 

20 be dumped without needing to treat the residue as en- 
vironmentally hazardous waste. 

It has now surprisingly been found possible to 
- deal with waste of the afored escribed kind in a man- 
ner which is both simple and friendly to the environ- 

25 ment In principle, the waste is treated in a way which 
converts environmentally hazardous mercury to a 
chemically stable form having essentially no vapour 
pressure when dumping, and of converting the waste 
to a mercury-free form which can be further process- 

30 ed and the metal content recovered therefrom. Treat- 
ment is effected in an apparatus in which the stable 
mercury form is obtained and in which this stable mer- 
cury form can be separated from material residues in 
the absence of appreciable mercury residues. These 

35 residues can then be processed in conventional met- 
allurgical processes, either in iron manufacturing 
processes or non-ferrous manufacturing processes. 

To this end, the invention is characterized by the 
features set forth in the following method and appa- 

40 ratus Claims. 

According to the inventive method, the waste is 
heated in a furnace while agitating or stirring the 
waste. To this end, it is convenient, and simplest, to 
use a rotary furnace, although other types of furnace 

45 which include an agitating facility can be used. Heat- 
ing takes place in the presence of elementary seleni- 
um vapour in an active quantity sufficient to form mer- 
cury selentde from essentially the entire mercury 
content of the waste. The waste is heated to a tem- 

50 perature at which mercury and selenium will be pres- 
ent in gas phase and at which solid mercury selenide 
is unable to form, and at a partial pressure of oxygen 
which is sufficiently low to avoid selenium oxidation. 
The treated mercury-freed waste is separated from 

55 the resultant process gas and possibly also from 
other solid materials present and is then dumped or 
worked-up metaUurgically. Subsequent to extracting 
the waste from the process gas, the gas is cooled to 
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extract solid, stable mercury-selenide dust suitable 
for dumping. The gas is then passed through a filter, 
suitably a selenium filter or a carbon filter which ex- 
tracts any gaseous mercury that may remain, and the 
thus cleansed gas is released to atmosphere. s 

The waste is preferably heated to a temperature 
of 600-850° C, within which range mercury and sele- 
nium can be maintained in a gas phase with a good 
margin, and in which solid HgSe will not precipitate. 
The requisite low partial pressure of oxygen is prefer- 1 o 
ably achieved by supplying an inert gas to the fur- 
nace. A suitable and inexpensive inert gas is nitrogen 
gas, for instance. It may also be necessary to supply 
a reducing gas, such as sulphur dioxide, S0 2 . Other 
inert gases can, of course, also be used, depending 15 
on price and availability. The necessary presence of 
selenium vapour, so as to maintain an active vapour 
pressure furnace, is preferably achieved by supplying 
selenium metal to the furnace or by delivering seleni- 
um vapour together with the inert gas. The resultant 20 
process gas is cooled in a condenser, in which the 
mercury-selenide dust is extracted. 

The invention also relates to apparatus for treat- 
ing the waste, this apparatus including a furnace, pre- 
ferably a rotary furnace, having means for delivering 25 
waste and inert gas to the furnace and means for re- 
moving treated waste therefrom. The furnace is con- 
structed to work at an underpressure, but avoiding air 
leaking into the furnace. Connected to the furnace is 
a condenser having an outlet for bed material, and the 30 
condenser, in turn, is connected to a filter in which 
gaseous mercury is extracted from the process gas. 
A suitable filter is a selenium filter or a carbon filter. 
The furnace is preferably heated indirectly. 

The invention will now be described in more detail 35 
with reference to a practical exemplifying embodi- 
ment thereof and also with reference to the accompa- 
nying drawing, the single Figure of which illustrates 
schematically a preferred plant according to the in- 
vention. The illustrated plant includes a rotary fur- 40 
nace 10 having a solid-material delivery means 11 
and a gas delivery means 12. The furnace 10 in- 
cludes at its outlet end an outlet 13 for solid products 
and a gas outlet 14 which is connected to a condenser 
15 by means of a gas conduit 16. The condenser 15 45 
is provided with a solid-material bottom outlet 17 and 
is provided on one side with a gas outlet 18 which is 
connected to a selenium filter 21 through the medium 
of a gas conduit 19 and a fan 20. The selenium filter 
21 communicates with atmosphere through a gas 50 
outlet 22, which in the illustrated case has the form 
of a smoke stack or chimney. For supplying gaseous 
selenium to the furnace with inert gas, the gas deliv- 
ery means 1 2 is connected to a gas-heating device 23 
to which inert gas can be delivered through a conduit 55 
24. 

When using the plant, the furnace 10 is charged 
continuously with waste material that is to be dealth 
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with, for instance button-type batteries, and selenium 
and a mercury-free residue is taken out continuously 
through the outlet 13 and separated. This enables the 
selenium to be supplied together with the waste ma- 
terial through the solid-material delivery means 11, 
this material being delivered together with the inert 
gas through the gas delivery means 12. As shown in 
the drawing, the inert gas and selenium are delivered 
in conflow with the solid material, although a counter- 
flow process may also be applied. The selenium de- 
livered to the furnace 10 in metal form is vapourized 
in the furnace, whereas the selenium that is delivered 
together with the inert gas is vapourized in the gas- 
heating device 23, to which the selenium is delivered 
in some suitable way and in some suitable form. The 
method with which the selenium is supplied will de- 
pend on the material to be destroyed and later recov- 
ered. When selenium metal is charged directly to the 
furnace 10, there is a danger that selenium will be lost 
in the form of alloys that form with the metal content 
of the waste residue. 

The furnace 10 will preferably be heated indirect- 
ly, so as to obtain concentrated process-gases from 
which the stable mercury-containing dust shall be 
sublimated. It should also be possible to adapt the 
furnace temperature to the material to be treated and 
to be able to maintain the temperature at the correct 
level. The whole arrangement is constructed to work 
at an underpressure and the only gas that is allowed 
to enter the furnace 10 is the inert gas. The furnace 
10 may also include an after-combustion chamber 
(not shown) for combusting organic constituents in 
the waste. 

Heat can be transferred directly to the treated 
material from the furnace shell or mantle. Mercury- 
free waste residue is separated at the outlet end of 
the furnace 10 through the outlet 13. This separation 
process is effected at a temperature which is suffi- 
ciently high to ensure that mercury-selenide dust will 
not sublime onto the surfaces of the residue. 

The mercury-free waste residue d ischarged from 
the plant can either be dumped or worked-up. Both of 
these alternatives can be symbolized by the process 
stage 28. The metals contained in battery-rests can 
be recovered as products in conventional metallurgi- 
cal processes, or converted to a form in which they 
can be suitably dumped, for instance in slag form, dur- 
ing these processes. When the metals are converted 
to fayalite slag (iron silicate), these metals will bind to 
a form that is suitable from a dumping aspect, since 
the resultant slag can be considered stable against 
leaching. 

The process gas, which now contains gaseous 
mercury and selenium, is sucked from the furnace 10 
through the gas outlet 14 and flows through the gas 
conduit 16 to the condenser 15, in which mercury- 
containing dust is caused to sublime in the condenser 
space 25. The dust is removed through the outlet 17 
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and passed to a packing station 26, in which it is suit- 
ably packaged for final storage in a depot 27. Process 
gas is sucked from the condenser 15 through the con- 
duit 19 with the aid of the fan 20, and is passed to the 
selenium filter 21 where any remaining mercury va- s 
pour is effectively taken-up, whereafter an inert, 
clean process gas can be released to atmosphere 
through the chimney 22. If necessary, because of 
other reactions in the material, the gas purifying proc- 
ess can be supplemented with other appropriate 10 
equipment functioning to remove other contaminants 
hazardous to the health. 

Example 

15 

A rotary furnace having a length of 1 m and a di- 
ameter of 0,08 m was charged continuously with 100 
g/hour mercury-containing button-type batteries. 
Each battery contained on average 2.1% by weight 
mercury. The furnace was also charged with seleni- 20 
urn at a rate of 1 0 g/hour, and 300 i/hour nitrogen gas. 
The test was run for 4 hours and the batteries re- 
mained in the furnace for 1:2 hours. The furnace tem- 
perature was 700°C. It was established that 99.1% of 
the mercury input was expelled. 97% of the mercury 25 
condensed as dust in a condenser and the remaining 
mercury was captured in a selenium filter down- 
stream of the condenser. 

The dust contained 29.5% Hg and 32.6% Se and 
it was possible to show HgSe by X-ray diffraction. 30 



Claims 

1. A method for dealing with mercury-containing 35 
waste comprising button-type batteries, compris- 
ing heating the waste in a furnace in the presence 

of elementary selenium vapour in quantities ef- 
fective to form mercury selenide from essentially 
the total mercury content of the waste, charac- 40 
terized by heating the waste to a temperature at 
which mercury and selenium will exist in gas 
phase and at which no solid mercury selenide will 
form while vigorously agitating the waste; main- 
taining a partial pressure of oxygen which is suf- 45 
f iciently low to avoid selenium oxidation; separat- 
ing the thus treated mercury-freed waste from 
the resultant process gas together with any other 
solid material that may be present; and dumping 
or working -up the waste metal lurgicaJly; and by so 
cooling the process gas separated from the 
waste to extract therefrom solid, stable mercury- 
selenide dust suitable for dumping; and passing 
the gas through a filter to extract any gaseous 
mercury that may remain and releasing the thus 55 
cleansed gas to atmosphere. 

2. A method according to Claim 1 , characterized by 
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heating the waste to a temperature of 600-850°C. 

3. A method according to Claim 1 and Claim 2, char- 
acterized by supplying inert gas to the furnace in 
order to sustain the low partial pressure of oxy- 
gen. 

4. A method according to Claims 1-3, character- 
ized by supplying solid selenium to the furnace or 
by supplying selenium vapour together with the 
inert gas in order to maintain an active selenium 
vapour pressure in the furnace. 

5. A method according to Claim 1 , characterized by 
supplying a reducing gas to the furnace, for in- 
stance S0 2 , so that the selenium present in the 
gas will not oxidize. 

6. A method according to Claims 1-5, character- 
ized by cooling the process gas in a condenser 
that has cold surfaces on which the mercury-se- 
lenide dust is extracted from the gas. 

7. Plant for dealing with mercury-containing waste 
in accordance with the method of Claims 1-6, 
characterized by a furnace, preferably a rotary 
furnace, having delivery means for delivering 
waste and inert gas to the furnace, and outlet 
means for removing treated waste from the fur- 
nace, wherein the furnace is constructed to work 
at an underpressure so as to avoid air leaking 
thereinto, wherein the furnace has connected 
thereto a condenser in which mercury-selenide 
dust is extracted from the process gas, and 
wherein there is connected to the condenser a se- 
lenium filter which functions to extract residual 
gaseous mercury from the process gas. 

8. Plant according to Claim 7, characterized in that 
the furnace is constructed for indirect heating. 

9. Plant according to Claim 7, characterized in that 
it includes an after-combustion chamber for or- 
ganic material. 
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